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Hidden leaks from water supply networks account for 50 % to 90 % of total leakage losses. The
presence of two or more simultaneous leaks in a section of the water supply network significantly
reduces the accuracy of locating hidden leaks. The method of independent Poisson events and the
hypothesis of stationarity, absence of consequences, and ordinariness of leaks are used for the
probabilistic description of the problem of multi-leakage in water supply networks. The analytical
dependence of the probability of multiple leakages on the specific annual emergency rate of the site, its
length and the duration of the localization and repair period is obtained. A generalized semi-empirical
equation was obtained for estimating the maximum permissible duration of the localization and repair
period depending on the annual emergency rate of the site for a given multi-leakage probability.
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Introduction

Relative water losses in water supply systems worldwide are estimated at an average of 30 % of the
water raised (Duan, 2020). Across the largest cities, this proportion varies from 3 % in Tokyo and
Amsterdam and 4 % in Berlin, 13 % in London and 15 % in Los Angeles to 54 % in Alexandria and 58 %
in Manila (Duan, 2020; Liemberger & Wyatt, 2019) (Fig. 1). The average share of water losses due to
leakages in water supply networks in Poland is about 18 % (Rak & Sypien, 2013). Water losses in the
largest cities of Ukraine are estimated at an average of 33.7 %, in particular, 30 % in Kyiv, and 46 % of the
System input in Lviv (Natsionalna Dopovid, 2021).

Today, a number of methods are known for hidden leaks localization at water supply networks,
including the acoustic method, the correlation method, the gas method, the ground-penetrating radar
method, and SCADA systems (Puust, 2010; Chan & Zhong, 2018; Bakhtawar & Zayed, 2021). These
methods can be conditionally divided into remote methods, intended for preliminary, approximate
determination of the coordinates of the leak, and field methods, which allow finding the leak location on
the terrain as accurately as possible. The main problem of field methods is the large specific time spent on
leak detection, which leads to both significant volumes of water loss and significant costs for leak detection
itself (Lah et al., 2018; Water Efficiency for Water Suppliers, 2021).

Remote methods of locating leaks in water supply networks make it possible to create centralized
monitoring schemes even for large networks (SIWA Leak Control, 2015). The most effective remote
methods today are complex systems that carry out continuous remote monitoring of water networks,
including integrated measurements of pressure, flow and noise accompanying the flow of water in pipes,
using the latest advances in IT technologies, in particular GIS, GPS, GSM, as well as cloud software
(Kwietniewski et al., 2022).
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On the other hand, the standard errors of remote methods in many cases still do not allow to snap the
location of hidden leaks with an accuracy sufficient for the immediate start of repair and restoration works
(Remeshevska et al., 2021; Zamikhovskyi & Shtaier, 2013). Taking this into account, the most effective
today should be combined methods, which involve the use of remote methods for the approximate
localization of the largest leaks at the first stage, and field methods for the exact search of a hidden leak in
the vicinity of the approximate location at the second stage.
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Fig. 1. The share of total water losses (%) in the centralized water supply systems of different cities of the world
(Duan, 2020, Liemberger, Wyatt, 2019; National report, 2021)

An important factor affecting the reliability and accuracy of remote methods is the problem of simu-
ltaneous multiple leakage of the control section of the network (Anfinsen & Aamo, 2022; Nugroho, 2021).
Hydraulic methods of preliminary detection of leaks usually provide sufficient for practice accuracy of the
leak location in the case of presence of only one leak in the control section (Babbitt, 1920; Mohammed et
al., 2021). The appearance and development of a second leak or more leaks is a major problem for the
operation of hydraulic and acoustic methods algorithms (Elandalibe et al., 2015; Jin & Zhou, 2014; Negm,
2023). Thus, a negative feedback loop arises, which consists in complicating the localization of leaks in
emergency networks with a high linear density of such leaks along the length of the network, and precisely
for such networks the localization task is the most important from a technical and economic point of view.

The purpose of the article is analytical and probabilistic modelling of the problem of simultaneous
multiple leakages of sections of water supply networks and testing of the developed models for typical
cases of water supply networks in Ukraine and Lviv.

Research materials and methods

Emergency water supply networks in Ukraine and Lviv

The Water Strategy of Ukraine for the period until 2050 states the current “unsatisfactory technical
condition, depreciation and insufficient branching of centralized water supply systems”, as well as the
presence of significant losses of water resources in centralized water supply systems due to the leakage of
networks and the unreliability of shut-off and regulating valves (Vodna Stratehiia Ukrainy, 2022). This
regulation sets an ambitious goal of reducing the specific emergency rate of centralized water supply
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networks by 3 % every year, taking 3.1 km 'yr' as the initial indicator. Applying the principle of
compound interest, this corresponds to the yield on the indicator 2.0 km 'yr ' in 2037, and on the specific
emergency rate 1.32 km'yr ' in 2050.

In general, water supply networks in Ukraine as of 2023 are in a challenging technical condition. In
2020, the total length of water supply networks, according to official data (Natsionalna Dopovid, 2021), was
121.921 km, including 46.602 km or 38.2 % of dilapidated and emergency pipelines, and only 991 km of
networks or 2.1 % of the need were replaced during the year 2020. This study also refers to statistical
materials on the specific emergency rate of water supply networks in different regions of Ukraine, presented
in the National reports on the quality of drinking water and the state of drinking water supply in Ukraine for
the years 2007—2020. The analysis of the problem of multi-emergency in the water supply network of Lviv
was performed on the basis of the statistical report of LCCE “Lvivvodokanal” for 2020, according to which
the water supply network of Lviv has a total length of 2.270 km, of which 67 % of pipelines have an
operational life of 35 years and above. In the structure of materials of water pipes, steel (49 %) and cast iron
(41 %) pipes prevail, while newer sections made from plastic materials account for about 8 % of the total
network length; the remaining 2 % are reinforced concrete pipes. In 2020, 3,202 accidents were eliminated on
the Lviv water supply network, which is an average of 8.8 accidents per day, including 104 emergency
situations, or 3.25 % of the total amount, were associated with hidden water leaks. The actual specific
emergency rate of the Lviv water supply network in 2020 was 1.41 accidents per 1 km.

According to various expert estimations, the share of water losses through hidden leaks is in the
range of 50-90 % of the total losses due to leaks (Puust, 2010; Beuken, 2008). Therefore, the small share
of accidents related to hidden leaks recorded in Lviv in 2020 (only 3.25 %) is most likely not
representative for the assessment of the ratio of hidden and open leaks, but only indicates the presence, but
currently quite low the effectiveness of the system of monitoring and early detection of leaks on the Lviv
water supply system.

A method of simulating the simultaneous multi-leakage

Since the presence of an open or hidden water leak in a section of the water supply network is the
main and predominant cause of accidents, further on in this work, the emergency of the site is equated with
the presence of a water leak, and by multiple accidents we mean multiple leaks, that is, the simultaneous
presence of two or more leaks at the same section during a certain period of time. An analytical method
based on the Poisson distribution, which is the distribution of a discrete random variable that is equal to the
number of events that occurred in a certain fixed time, provided that such events occur with a certain
known average intensity and independently from each other (Kartashov, 2008). According to the Poisson
distribution, the probability of occurrence of exactly & leaks in a certain period of time T is defined as:

k
poe) =120 exprw), ()

where p is the mathematical expectation of the number of leaks for the period 7.

This study assumes that the sequence of leaks from the water supply network satisfies the conditions
of stationarity, absence of consequences, and ordinariness. By stationarity we mean that the average
frequency of formation of new leaks is constant and does not depend on the time of year, day of the week,
hour of the day or other time frames. The absence of consequences means that the probability of the
appearance of new leaks at the control site does not depend on the history of this site, that is, on the
number of emergency leaks in any previous time interval. Ordinariness means that it is practically
impossible for two or more sources to appear simultaneously in a sufficiently short period of time. Strictly
speaking, the no-consequence condition neglects the effect of crash site regression, assuming that for a
fixed forecast period in the future the average crash frequency will be the same as well as for the available
previous observation period. The principle of ordinariness for leaks in pressure water supply networks can
be violated due to short-term extreme transient processes that affect the entire control section, for example,
when a hydraulic shock occurs in the network.
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Results and discussion

Ranges and trends of changes in the specific emergency rate of water supply networks in
Ukraine in 2007-2020

A statistical analysis of the distribution of the specific emergency rate of water supply networks in
the regions of Ukraine in 2020 indicates the presence of a particularly large spread of values, which
significantly exceeds the standard deviation of the sample as a whole (Fig. 2). The average specific
emergency rate of water supply networks was determined as the length-weighted average, taking into
account the actual total length of networks by region:

XSE, L
— an.i "1 (2)
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where SE,,; is the specific annual emergency rate of networks in the i-th region, kmflyrfl; L; is the total
length of water supply networks in the i-th region, km.

The length-weighted average value of the specific emergency rate of water supply networks in
Ukraine in 2020, taking into account all reported data, is SE,, /= 5.87 kmflyr*]. This is in 1.95 times
exceeds the simple arithmetic average of indicators in the regions of 3.01 km™' year ' and in 1.89 times
more than the basic value of the specific emergency rate SE,, a0 = 3.1 kmﬁlyrfl, adopted in the Water
Strategy of Ukraine for the period until 2050 for the reference point, which is planned to decrease by 3 %
every year (Vodna Stratehiia Ukrainy, 2022).
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Fig. 2. Specific annual emergency rate of water supply networks by regions of Ukraine in 2020:
1 = official data (National Report, 2021); 2 — weighted average SE . mia; = 5.87 km™'yr™";
3 — SEunmiao = 3.1 kmilyrfl (Vodna Stratehiia Ukrainy, 2022); 4 — weighted average SE ., mia2 = 2.12 kmilyrfl

Deviations from the average values of individual sample values cannot be justified in any way.
Under similar technical and economic conditions, which include the degree of amortization of water supply
networks, the cost of selling I m’ of water, etc., the specific emergency rate in the Donetsk region in 2020
(32.26 km'yr ") in 5.5 times exceeded the average value for the country, while for the Kherson region this
indicator was 0.042 km 'yr ' or in 139.8 times less than the average one. The ratio of the official water
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supply specific emergency rates in Donetsk and Kherson regions in 2020 was equal to 768, which clearly
casts doubt on the objectivity of respective data.

Based on the above analysis, the extreme maximum and minimum values of the specific emergency rate
of water supply networks in 2020 (respectively, 32.26 km 'yr ' for the Donetsk region and 0.042 km 'yr ' for
the Kherson region) were removed from the following statistical treatments as clearly out-of-sample
and highly likely to be erroneous. Given the large length of networks in the Donetsk region in 2020
(15.38 thous. km or 12.6 % of the total length of water supply networks in Ukraine), the average value of
the specific emergency rate in the refined reduced sample decreases to SE,, miao= 2.21 km 'yr ' (Fig. 2).

Statistical analysis also indicates a very low degree of correlation between the specific emergency
rate and the share of emergency water supply networks by regions in 2020 (Fig. 3). The correlation
coefficient is 0.400, which is significantly below the minimum threshold value of 0.7, at which it is already
possible to conclude that there is a correlation between the initial parameters.
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Fig. 3. Correlation between the specific emergency rate of water supply networks in the regions
of Ukraine in 2020 and the corresponding shares of emergency networks: a — all actual data; b — without abnormal
values; 1 — official data (National Report, 2021); 2 — average weighted index (Rp= 35.34 %;
SE ymia1= 5.87 km'yr™!); 3, 4 — data for Donetsk and Kherson regions respectively; 5 —weighted average without
abnormal values (Rp = 34.1 %; SE a2 = 2.21 km™'yr™)

Results of modelling the probability of multiple accidents of water supply networks.

Based on the principle of stationarity of emergency leaks on water supply networks adopted above,
the mathematical expectation of the number of leaks on a network section of length L for an arbitrary time
period T

3)

where SE,, is the annual specific emergency rate of the section, km 'yr '; L — length of the section of the
water supply network, km; 7 — time period, days.

Table 1 summarizes the annual probabilities of the occurrence of various number of leakage
accidents on a section of the water supply network 1 km long for different typical values of the specific
annual accident rate in the range of SE,, = 0.1-5 km’]yr’]. Let’s introduce next notations: p, is the
probability of one or more emergency leaks in the section of the water supply network; p,. is the
probability of multiple leakages (occurrence of two or more simultaneous emergency leaks) in a section of
the water supply network. The maximum probabilities at SE,, > N, correspond to the annual number of
leakage accidents NV; and (N, — 1), with decreasing probability in both directions (Table 1). The annual pro-
bability of multi-leakage p,. increases sharply with growing of SE,, index, reaching a value of 0.648 based
on the actual average annual emergency rate of water supply networks in Ukraine of 2.21 km 'yr ' as of

w,=SE, -L-T/365,
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2020. So, at each randomly selected kilometer of water supply networks of Ukraine, with an average
probability of 64.8 %, 2 or more leaks occur during a calendar year. The maximum acceptable multi-failure
probability of 0.02 from a practical point of view corresponds to the specific annual failure rate of
networks of 0.215 km 'yr ', which corresponds to networks in practically perfect technical condition. The
obtained results indicate the need for water supply enterprises to follow an active policy of monitoring
networks for the presence of leaks in order to prevent large losses of water and deterioration of the network
condition. A passive policy leads both to an increase in water loss and deterioration of networks, and to a
sharp complication of the task of detecting new hidden leaks even for new, previously accident-free
sections of water networks.

Table 1

Probabilities of different number of leakage accidents per 1 km of water supply network per year

Number of Annual probabilities based on SE,,, km 'yr":
leakages, Ny 5 4 3 2 1 0.5 0.2 0.1
0 0.0067 0.0183 0.0498 0.1353 0.3679 0.6065 0.8187 0.9048
1 0.0337 0.0733 0.1494 0.2707 0.3679 0.3033 0.1637 0.0905
2 0.0842 0.1465 0.224 0.2707 0.1839 0.0758 0.0164 0.0045
3 0.1404 0.1954 0.224 0.1804 0.0613 0.0126 0.0011 0.0002
4 0.1755 0.1954 0.168 0.0902 0.0153 0.0016 5E-05 4E-06
5 0.1755 0.1563 0.1008 0.0361 0.0031 0.0002 2E-06 8E-08
6 0.1462 0.1042 0.0504 0.012 0.0005 1E-05 7E-08 1E-09
7 0.1044 0.0595 0.0216 0.0034 7E-05 9E-07 2E-09 2E-11
8 0.0653 0.0298 0.0081 0.0009 9E-06 6E-08 5E-11 2E-13
9 0.0363 0.0132 0.0027 0.0002 1E-06 3E-09 1E-12 2E-15
10 0.0181 0.0053 0.0008 4E-05 1E-07 2E-10 2E-14 2E-17
10+ 0.0137 0.00284 0.0003 8E-06 1E-08 8E-12 4E-16 0
Py 0.9933 0.98168 0.9502 0.8647 0.6321 0.3935 0.1813 0.0952
Do+ 0.9596 0.9084 0.8009 0.5940 0.2642 0.0902 0.0175 0.0047

If the hypothesis of stationarity is fulfilled, the number of calculated leaks on the site is directly
proportional to the time period. This confirms the importance of quick localization of leaks and their
elimination to reduce the probability of multiple accidents in the area, which itself already complicates the
task of localization, and therefore network repair. Given that the duration of detection, localization and
elimination of leaks depends on many partial parameters, a special parameter is used — the duration of the
localization and repair period (LRP) T;rp, which means the period in days from the appearance of a hidden
leak on the site to its elimination. Therefore, the mathematical expectation of the number of leaks on the
network section of length L during the LRP:

Hirp = SEq, - L-Tigp / 365. 4

Thus, the probability of an arbitrary number of leaks, and therefore the probability of multi-leakage
at an arbitrary section of the water supply network, depends on one dimensionless complex, the average
accident rate of the section during the LRP z;zp:

k
p(k) =%exp(—um). ()
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Eq. (5) has an analytical solution with respect to the probability of two or more simultaneous
accidents-leaks during the LRP:

Poy =1=(1+ piypp ) exp(=i pp) - (6)

The graphic interpretation of Eq. (6), shown in Fig. 4, indicates the high reliability of the
dependence of the probability p,+ on mathematical expectation p;zp by the simple power dependence with
coefficient of determination R?= 0.9998:

Py, = 04060 7% (7
In the expanded form, Eq. (5) can be written as:

(SE,,-L-T,pp!365)"

p(k) = Iz

exp(~SE, - L-T;p /365), (8)

thus, under the condition of fulfilling the hypotheses of stationarity, absence of consequences and
ordinariness, the probability of the occurrence of multiple leaks in an arbitrary section of the water supply
network is a function of the specific annual emergency rate, the length of the section and the LRP duration.
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Fig. 4. The probability p, of multi-leakage during LRP depending on the mathematical expectation pupp

The duration of LRP is an important operational parameter that directly affects the probability of
multiple accidents. In the Table 2 given probabilities the occurrence of one or more leaks on a section of the
pressure water supply network 1 km long for typical values of the duration of the localization and repair
period T rp = 2—20 days for four characteristic values of the specific annual accident rate SE,,, in particular:
on the Lviv water pipeline (1.41 km 'yr "), in Ukraine as a whole as of 2020 for all regions (5.87 km 'yr ")
and without taking into account anomalous data (2.21 km'yr "), as well as for the base value of the specific
annual accident rate according to the Water Strategy of Ukraine for the period until 2050 (3.1 km 'yr "). The
probability p; of the occurrence of a single leak in the indicated range of the specific annual emergency rate is
almost a linear function of the LRP duration (Fig. 5, @), while the probability of multiple accidents p,- is
proportional to the duration of the LRP only when the T;zp < 5—6 days, followed by a more intensive growth.
For the average specific annual emergency rate in Ukraine SE,, = 2.21 km 'yr ' and for the LRP duration of
5 days, the probability of multi-accident p,+ is only 1.5 % of the probability of the occurrence of one leak p;,
while with the duration of LRP 20 days — already 6.3 %. For the average specific annual accident rate of the
Lviv water pipeline SE,,= 1.41 km'yr ' corresponding shares are proportionally lower, namely 1.0 % at
Tirp=5 days and 4.0 % at T;zp = 20 days (Fig. 5, b).
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Table 2

Probabilities of the simultaneous occurrence of one or more leaks in the section

of the water network with a length of L =1 km depending on the duration of the LRP
at the characteristic values of the specific annual emergency rates SE,,

Probabilities p; and p,, for different SE,,, km 'yr '
Tyre, days 1.41 2.21 3.1 5.87
b1 P2+ b1 P2+ b1 D2+ b1 D2+
2 7.67E-03 | 2.97E-05 | 1.20E-02 | 7.27E-05 | 1.67E-02 | 1.43E-04 | 3.11E-02 5.06E-04
3 1.15E-02 | 6.66E-05 | 1.78E-02 | 1.63E-04 | 2.48E-02 | 3.19E-04 | 4.60E-02 1.13E-03
4 1.52E-02 | 1.18E-04 | 2.36E-02 | 2.89E-04 | 3.28E-02 | 5.64E-04 | 6.03E-02 1.98E-03
5 1.89E-02 | 1.84E-04 | 2.94E-02 | 4.49E-04 | 4.07E-02 | 8.77E-04 | 7.42E-02 3.06E-03
6 2.26E-02 | 2.64E-04 | 3.50E-02 | 6.44E-04 | 4.84E-02 | 1.26E-03 8.76E-02 4.37E-03
7 2.63E-02 | 3.59E-04 | 4.06E-02 | 8.73E-04 | 5.60E-02 | 1.70E-03 1.01E-01 5.88E-03
8 3.00E-02 | 4.68E-04 | 4.61E-02 | 1.14E-03 | 6.35E-02 | 2.21E-03 1.13E-01 7.60E-03
10 3.72E-02 | 7.27E-04 | 5.70E-02 | 1.76E-03 | 7.80E-02 | 3.41E-03 1.37E-01 1.16E-02
12 443E-02 | 1.04E-03 | 6.76E-02 | 2.52E-03 | 9.20E-02 | 4.85E-03 1.59E-01 1.64E-02
15 5.47E-02 | 1.62E-03 | 8.29E-02 | 3.88E-03 | 1.12E-01 | 7.46E-03 1.90E-01 2.48E-02
20 7.15E-02 | 2.84E-03 | 1.07E-01 | 6.77E-03 | 1.43E-01 | 1.29E-02 | 2.33E-01 4.19E-02
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Fig. 5. Probability indicators of multiple leaks per 1 km of water supply networks depending on the duration
of the LRP: a — the probability of leaks p; (1, 2) and p>+ (3, 4); b — ratio pi/ p»+; for SE.,=2.21 km™yr™" (1, 3, 5);
for SE,=1.41 km™yr™ (2, 4, 6)

It should be noted that the specific annual accident rate of the site, as well as its length, are
sufficiently defined parameters, while the duration of the LRP for the same site, in the presence of the
same leak detection system, can differ significantly. It depends largely on the type of leak, which is a
complex function of age, material, pipe wall thickness, hydrogeological conditions, etc. Thus, the
probability of multiple accidents of any section of the water supply network must be expressed as a
function of the annual accident rate of this section £, and the T;zp period:

Doy :1_(1+Ean'TLRP)exp(_Ean'TLRP)‘ 9)
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In general, depending on the specific failure rate and the length of the section, the annual failure rate
of sections of water supply networks varies within wide limits E,, = 0.1-10 yr . The results of modelling
the dependence of the multi-accident probability for typical values of the annual emergency E,, in the
range from 0.1 yr ' to 10 yr ' are presented in Fig. 6.
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Fig. 6. Probability of multi-leakage of sections of water supply networks depending
on the LRP duration for different values of annual emergency rate E,,: 1 — 0.1 yr';
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The maximum permissible (limiting) duration of the LRP significantly shortened both with
increasing the annual emergency rate of the section and by reducing the probability of multi-leakage p,-
(Fig. 7). For example, to ensure the absence of multi-leakage at 99 %, which corresponds to the probability
P2+ = 0.01, at the value of the site's annual emergency rate E,, > 5.87 yr ' the duration of LRP should not
exceed 9 days.
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Fig. 7. The maximum permissible durations of LRP as a function
of the annual emergency for typical multi-leakage probabilities p;..:
1-0.02;2-0.01; 3-0.005

Approximations of results obtained for characteristic multi-leakage probabilities 0.005; 0.01 and
0.02, shown in Fig. 7, indicate that the limit time of the LRP is inversely proportional to the annual
emergency rate of the section E,,;:

TLRP.lim :K/Ean’ (10)
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where the coefficient K depends on the multi-leakage probability (Fig. 8):
K =600p37. (11)

Thus, the limit duration of LRP, which corresponds to practically important values of the probability
of multi-accident p,, = 0.1-3.0 % for sites with a typical annual emergency rates E,,= 1-10 yr ' can be
evaluated by a semi-empirical power dependence:

Tirp tim = 600pgf2 /E,, (12)
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Fig. 8. Dependence of the coefficient K in Eq. (10) on the multi-leakage probability

It should be noted that the model of multi-leakage of water supply networks presented above is
developed on the basis of the Poisson distribution law of independent events, subject to the fulfilment of
three partial hypotheses: stationarity, absence of consequences, and ordinariness. The specified hypotheses
can be verified and reliably quantified only on the basis of long-term field observations of respective sites
of the water supply networks.

Conclusions

Water losses due to water leaks from water supply networks are one of the main factors that directly
affect the technical and economic efficiency of water supply systems as a whole. According to the
available results of full-scale field studies in different countries of the world, hidden water leakages from
water supply networks account for 50 % to 90 % of the total water losses due to leaks. The presence of two
or more simultaneous leaks in a section of the water supply network significantly reduces the accuracy of
localization of hidden leaks, which makes the assessment of the multi-leakage probability as very
important task.

According to official reports, an analysis of the state of water supply networks in Ukraine and Lviv
is carried out, it is found that as of the end of 2020, the specific annual emergency rate was 2.21 km 'yr '
for Ukraine as a whole and 1.41 km 'yr™' for Lviv water supply network. At the same time, the very low
correlation between the share of emergency networks and the specific annual emergency rate in the regions
of Ukraine indicates the subjectivity of individual reported data. Based on this fact and the variability of
the specific emergency rate on each specific water supply network depending on the age and material of
the pipes, it is recommended, when estimating probabilities, to proceed not from averaged values, but from
statistical parameters for the relevant site of the water supply network.

Presented probabilistic model of the multi-emergency problem of water supply networks is based on
the method of independent events (Poisson distribution), provided that the hypotheses of stationarity,
absence of consequences and ordinariness of emergency leaks are fulfilled. The analytical dependence (6)
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of the multi-leakage probability on the specific annual emergency rate of the site, its length and the LRP
duration is obtained. Numerical values of the probability of multi-leakage are analyzed, based on the
average in Ukraine and the average in Lviv specific annual emergency rates of water supply networks. A
generalized semi-empirical dependence (12) is obtained for the estimation of the maximum permissible
duration of the LRP as a function of annual emergency rate of the site for the given multi-leakage
probability.
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Haunionanshuii yHiBepcutet “JIbBiBChKa MOMiTEXHIKA”,
kadeapa TiIpOTeXHIKK Ta BOTHOI IHKeHepii

MMOBIPHOCTI OJTHOYACHOI BATATOABAPIMHOCTI HA JIISIHKAX BOJIOITPOBITHUX
MEPEX VY ITPOLIECI JIOKAJI3AIIIL MPUXOBAHHUX BUTOKIB BOJIU

© XKyx B. M., boonap T. C., 2023

[IpuxoBaHi BUTOKU 3 BOJIOIMPOBIIHUX MEPEXK 3a PI3HUMH OIIHKAMH CKJIanatoTh Big 50 % mo 90 % Bin
3araJlbHUX BTPAT Ha BUTOKHM. HasBHICTH Ha IUISHII BOJONPOBITHOT MepexKi BOX Ta OLIbIIE OAHOYACHUX BUTOKIB
CYTTEBO 3HI)KYE TOYHICTH JIOKaJi3allii IMPUXOBAaHMX BUTOKIB, IO POOHUTH aKTYaJBHOI 3371ady IOAO OLIHKH
HMoBipHOCTEW OaraToaBapiHOCTI AUITHOK 3aJISKHO BiJI iX IONEepeqHiX CTATUCTHYHUX MapaMeTpiB aBapiifHOCTI.
Jlst iMOBIpHICHOTO OnHCYy MpoOJieMH OaraToaBapiiHOCTI BOJONPOBITHUX MEPEX 3aCTOCOBAHO METOJ He3a-
JexHUX noii ITyaccoHa 3a yMOBH BUKOHAHHSI TIITOTE3 CTAI[iOHAPHOCTI, BIZICYTHOCTI HACIIIKIB Ta OpMHAPHOCTI
aBapifiHUX BUTOKIB. 3a pe3y/lbTaTaMU aHalizy OQIIiHHUX CTATHCTUYHHMX IaHMX OTpuMaHo, mo y 2020 p.
Cepe/iHs MHTOMA pidHA aBapiifHiCTh BOIOMPOBIIHIX Mepek 3araoM B Ykpaini cranosmma 2,21 kM 'pik ', a s
JIbBiBCHKOrO BomompoBoxy — 1,41 kM 'pik '. Hu3bka KOpENsILis Mik YaCTKOIO aBapifiHAX MEPEK Ta MHTOMOIO
PIYHOIO aBapilHICTIO MO 00JacTsIX YKpaiHM BKazye Ha Cy0 €KTHBHICTh OKPEMHUX 3BITHUX JaHuX. Buxonsuu 3
BOro GakTy Ta 3 BapiaTMBHOCTI MUTOMOI aBapiifHOCTI Ha KOXHIH KOHKPETHIN BOJOIPOBIIHIH Mepexi, 3aex-
HO BiJ| BIKy Ta Marepiaiy TpyO, peKOMEHIIOBaHO BHUXOJUTU HE 3 OCEPEJHEHHX 3HAa4YeHb, a 31 CTATHCTHYHUX
rapaMmeTpiB JUIsS BiJMOBIAHOI JUTBHHII BOJONPOBIIHOI Mepexi. OTpUMaHO aHAJITHYHY 3aJIeKHICTh HMOBIp-
HOCTI 0araToaBapiifHOCTI BiJl MUTOMOI piYHOI aBapiiHOCTI AiJISTHKY, 11 TOBXKHHH Ta TPUBAJIOCTI JIOKaJIi3aIiifHO-
peMoHTHOro mepioay. IIpoaHai3oBaHO YHCENbHI 3HAYECHHS WMOBIPHOCTI OaraToaBapiiHOCTI, BHXOJSIYH 3
cepeqHbOI MUTOMOI PIYHOI aBapiHOCTI BOAONPOBIAHMX Mepek B YkpaiHi Ta y JIbBoBi. Orpumano y3a-
rajbHEHy HaIliBEMITIpHYHY 3aJEeXKHICTh U BU3HAYECHHS MaKCUMaJbHOI I'PAaHUYHO IOMYCTUMOI TPUBAJIOCTI
JIOKAJTi3aliHHO-PEMOHTHOT O TEPioAy BiA PiduHOI aBapifHOCTI MIJSHKH Ui 3a0C3TEeUYCHHS HETCPEBUIICHHS
3aaHoi HMOBIpHOCTI OaraTtoaBapiitHOCTI.

KuarouoBi cioBa: iiMoBipHicTH OGaraToaBapiiiHocTi, JiokadizaniliHO-peMOHTHUI mnepiox, OXHO-
YacHICTh BUTOKIB, MMTOMA piuHa aBapiiiHicTh, NPUX0BaHi BUTOKH, po3noaia Ilyaccona.



